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PREFACE. 



"Which was first, Matter or Force ? If we 
bink on this question, we shall find that wc 
e unable to conceive of matter without force, 
^r force without matter. When God created 
e elements of which the earth is composed, 
a created certain wondrous forces, which are 
t free and become evident when matter acts 
■■on matter. All these forces, with many diifer- 
CQCes, have much in common, and if one ia set 
free it will immediately endeavor to free its 
i;ompanions. Thus heat will enable us to elim- 
ii^ate light, electricity, magnetism, and chem- 
ical action; chemical action will educe light, 
"" ■; electricity, and heat ; in this way we find that 
all the forces in nature tend to form mutually 
dependent systems, and as the motion of one 
star affects another, so force in action liberates 
and renders evident forces previously tranquil, 
"We say tranquil, and yet the WQti\; 
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without meaning in the Cosmos ; where do ^ 
find tranquillity ? The sea, the seat of anio) 
vegetable, and mineral changes, is at war t 
the earth, and the air lends itself to the s 
The globe, the scene of perpetual inte 
change, is, as a mass, acting on, and actei 
by the other planets of our system, and i 
very system itself is changing ita place 
under the influence of a known force Bpring! 
from an unknown centre. 



For many years past the English public httj 
had the privilege of listening to the discourf 
and epeculationa of Professor Faraday, at t 
Royal Institution, on Matter and Forces, i 
is not too much to say that no lecturer 1 
Physical Science since the time of Sir Hum 
phrcy Davy has been listened to with more 
delight. The pleasure which all derive from 
the expositions of Faraday is of a somewhat 
different kind to that produced by any other 
philosopher whose lectures we have ever ata 
tended. It ia partially derived from his ( 
tremc dexterity as an operator — with him 1 
10 chance of^pologiea for an i; 
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iriment, no hanging fire ia the midai of i 
series of brilliant demooBtrations, producing 
that depressing tendency akin to the pain felt 
an audience at a false note from a vocaliat. 
is a sparkling etream of eloquence and ex- 
irimental illustration. We defy a chemist 
who loves his science, no matter how often h« 
may have repeated an experiment, to feel unin- 
terested when seeing it done by Faraday. 

The present publication presents one or two 
points of interest. In the first place, the Lec- 
tures were especially intended for young per- 
sons, and are therefore as free as possible from 
technicalities; and, in the second place, they 
printed as they were spoken, verbatim el Ut- 
im. A careful and skillful reporter took 
lem down, and the manuscript, as deciphered 
)m his notes, was subsequently corrected by 
le editor as regards any scientific points which 
ire not clear to the short-hand writer ; hence 
that ia different arises solely from the im- 
possibility, alas 1 of conveying the manner as 
well as the matter of the lecturer. 

The interest which was felt in those numbers 
jDf the CHEinoAL News in. which the Usijxs^si. 
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appeared was so great that the repnblicalioii of 
them in a separate form was considered to be 
almost a duty to those young lovers of science 
to whom a purely chemical journal with its in- 
f;vitable technicalities would be a sealed book. 
May the readers of these Lectures derive one 
to^f ill of the pleasure and instruction £rom their 
pamnn] which they gave to those who had the 
fuiif;pinc«» of hearing them ! 

W. 0. 
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LECTURE I. 

THE FOKCE OF GEAVITATION. 

:^- grieves me much to think that I may 

»Te been a cause of disturhancc to jour 

Christmas arraiigements(^), for nothing is more 

satisfactory to my mind than to perform what 

I undertake ; but such tliinga are not always 

\ to our own power, and we must submit to 

mces as they are appointed, I will 

lay do my best, and will ask you to bear 

1 me if I am unable to give more than a 

3 ; and, as a substitute, I will endeavor 

i make the {llusirations of the sense I try to 

IS fall as possible ; and if we find hy 

9 end of this lecture that wo may be justified 



GRAVITATION. 
in contmuing tiicm, tliinking that next week 
our power shall be greater, why then, with 
submission to you, we will take auch course as 
you may think fit, either to go on or discon- 
tinue them; and although I now feel much 
weakened by the pressure of the illness (a mere 
cold) upon me, both in facility of expresMon 
and clearness of thought, I shall here claim, as 
I always have done on these occaaons, tho 
right of addressing myaelf to tho younger mem- 
bers of the- audience; and for this purpose, 
therefore, unfitted as it may seem for an elder- 
ly infirm man to do so, I will return to s^ond 
childhood, and become, as it were, young again 
among the young. 

Let ua now consider, for a little while, how 
wonderfdly wc stand upon this world. Here 
it is wc are bom, bred, and live, and yet we 
view these things with au almost entire absence 
of wonder to ourselvea respecting the way iii 
which all this happens. So sraalJ, indeed, is 
our wonder, that we are never taken by sur- 
prise; and I do think that, to a young person 
of ten, fifteen, or twenty years of age, perhaps 
iheRist sight of a cataract or a mountain wouJ 



vAHioLS Fowxas or XATtn. IS 
witsaaaon iiim more empnae Aao be had ewa 

felt conoeming the means otbmcnm exiauac' 
bow he caiue here; how be liva; by vfa-' 
means be elands opiigfat; and thnogh wiua 
means he moves aboot irom fiatx to plMC. 
Hence, we come into this vorU, we lire, and 
t from it, without oar thoaghte being csll- 
t BpeciBcaUj to con^der bow all tbi^ takct 
; and were it not for the exertions of botqc 
inquiring minds, who have looked mto 
3 things, and ascertained the very beautiful 
ws and conditions by which we do live ai.l 
stand upon the earth, we sbould hardly 1 
aware tiiat there waa any thing wonderful i n 
it. These inquiries, which have occa{»ed pU^H 
losophers from the earliest dayg, when tbjj^H 

K began to find out the laws by which W^^ 
p and exist, and enjoy ourselves, up to the 
nt time, have ahown us that all this was 
effected in consequence of the existence of a 
tain forces, or ahilities to do things, or povn 
that are so common that nothing can be moa 
so ; for nothing is commoner than the wondi 
fal powers by which we arc enabled to sta 
upright: they are essenVioi \0 oxis • 
■■vcrj moment. 



QBi-TITA-mON. 

1 my purpose to-day to make you ac- 
inted with some of these powers ; not the 
vita! ones, but some of the more elementary, 
and what we call physical powers; and, in the 
outset, what can I do to bring to your raiuds a 
notion of neither more nor less than that which 
I mean hy the word^owe/- or force? Suppose 
I take this sheet of paper, and place it upright 
on one edge, resting against a support before 
me (aa the roughest possible illustration of 
something to be disturbed), and suppose I then 
pull this piece of.string which is attached to it. 
I pull the paper over. I have therefore brought 
into use apowjir of doing so — the p<noer of my 
hand carried on through tliia string in a way 
which is very remarkable when we come to 
i it ; and it is by means of these pow- 
I conjointly (for there are several powers 
employed) that I puU the paper over, 
1, if I give it a push upon the other side, 
R "biing into play a poioer, but a very different 
tertion of power from the former ; or, if I 
B'tako now this bit,of ahell-Iae [a stick' of shell- 
j about 12 inches long and IJ in diameter], 
dlh fiannel, and hold it an incl 



WHAT IS POBCE? 
>nt of the upper part of tliia upright BheetJ 
jb paper is immediately moved toward the 
■lac, and by now drawing the latter away, 
paper falls over without having been touch- 
ed by any thing. You see, in the first illustra- 
tion I produced an effect than which nothing 
could be commoner ; I pull it over now, not by 
means of that string or the pull of my baud, 
but by some action in this shell-lac. The shell- 
lac, therefore, has a power wherewith it acts 
upon the sheet of paper ; and, as an illustration 
of the exercise of another bind of power, I 
might use gunpowder with which to throw it 
over. 

ow I want you to endeavor to comprehi 
it when I am speaking of a ^>ottw or fa 

king of that which I used just now fo 
pull over this piece of paper. I will not em- 
barrass you at present with the name of that 
■er, but it is clear there was a somclhiny in 
sheU-lao which acted by attraction, and puU- 
tha paper over ; this, then, is one of those 
;ga which we call power, or farce; and you 
now be able to recognize it as such in what- 
form I show it to you. We are not to 






^ 




18 GRAVITATION. 

guppose tliat there are so very many differ 
powers; on the contrary, it Js wondeiful to 
think how few are the powers by which all the 
phenomena of natare are governed. There is 
an illuatration of anoihcr kind of power in that 
lamp ; there is a power of heat — a power of do- 
ing somethiDg, but not the same x>ower as that 
which pulled the paper over ; and so, by de- 
grees, we find that there are certain other pow- 
CTS (not many) in the various bodies around us; 
and thus, beginning with the simplest esperi- 
mentfi of pushing and puUiiig, I shall gradually 
proceed to distinguish these powers one from 
the other, and compare ibe way in which thcv 
combine together. This world upon which wi- 
Stand (and we have not much need to travi.] 
it of the world for illustrations of our BTib- 

iect; but the mind of man is not confined like 
le matter of his body, and thus he may and 

loes travel outward, for wherever his eight can 
pierce, there his observations can penetrate) is 
pretty nearly a round globe, having its surface 
disposed in a manner of which tlii.'S terrestrial 
^obe by ray side is a rough model ; so much 
land and m much is ws W; and by looking at 
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it here we eee in a sort of map or picture how 
tlie world is formed npoQ its snrface. Then, 
when we come to examine farther, I refer you 

to thia sectional diagram of the geological strata 
of the earth, in which there is a more elaborate 
view of what ia beneath the sariace of our 
■-■lolje. And, when wo come to dig into or ex- 
:,[nine it (as man docs for hia own instrnotion 
iLLil advantage, in a variety of ways), we see 
i i I at it is made up of different kinds of matter, 
'ibjeei to a very few powers ; and all disposed 
' ' this strange and wonderful way, which gives 
■ 1 man a history — and such a history — as to 
'.vhat there is in those veins, in those rocks, the 
ores, the water-springs, the atmosphere aroon^iJ 
and all varieties of material substances, heldtOlH 
gether by means oi forces in one great mass, " 
8000 miles in diameter, that the mind is over- 
whelmed in contemplation of the wonderful 
history related fay these strata (acme of which 
are fine and thin like sheets of paper), all form- 
ed in succession by the forces of which I have 
spoken. 

I now shall try to help your attention to what 
I may say by directing, to-day, our thoughts to 
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GRiVITATION. 
■water gravitating toward the earth. Now| 
[exhibiting a small piece of platinum (')] i 
other thing which gravitates toward the e 
as ranch as the whole of that water. See wS 
a little there is of it ; that httle thing is heavier 
than so much water [placing the metal iu oppo- 
scales to the water]. What a wonderful 
ing it ia to see that it requires so much water 
as that [a half-pint vessel full] to fall toward 
the earth, compared with the little mass of sub- 
stance I have here! And again, if I take this 
metal [a bar of aluminium (') abont eight times 
le bulk of the platinum], we find the water 
i*ill balance that as well as it did the platinum ; 
that we get, even in the very outset, an ex- 
ple of what we want to understand by the 
it&s forces or powers. 

I have spoken of water, and first of all of its 
'property of falUng downward: you know very 
well how the oceans surround the globe — how 
they fall round the surface, giving roundness 
to it, clothing it lite a garment; but, besides 
that, there are other properties of water. Hvrr, 
for instance, is some quicklime, and if I add 
le water to it, you will find another poiF 
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ATtRACnOJt DF TUB EARTH. 

property in the water.(^) It is now voi 
tot; it is steaming up; audIc«iUclporhaps]ight 
phosphorus or a lucifer-match with it. Now 
that coiild not happen without a jbrce in the 
water to produce the result ; but that force is 
entirely distinct from its power of falling to 
the earth. Again, here ia another substance 
[some anhydrous sulphate of copperC)] which 
will illostrate another kind of power. [The 
lecturer hero poured some water over 1 
white sulphate of copper, which i 
became blue, evolving considerable heat at the 
same time,] Here is the same water with a 
substance which heats nearly as much as the 
does, but see how differently. So great 
leed is this heat in the case of lime, that it 
^B sufficient sometimes (as you see here) to set 
wood on fire; and this explains what we have 
aometiraes heard, of barges laden with quick- 
g fire in the middle of the river, in 
uence of this power of heat brought into 
a leakage of the water into the bargp. 
"ou see how strangely diiferent ( 

consideration arise when we come to thi 
ir these various matters — the power of heat'*" 
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Rmderstand that all ixidies arc attracted to^^f 

Pfiartb, or, to use a more learned term, grav^^^^ 

Kfou will not mind my using this wor^^^| 

when I Bay that this penny-piece f/ravzfttj^^H 

mean nothing more nor less than that it ^^| 

toward the earth, and, if not intercepte^^H 

l^irould go on falling, falhng, until it amTG^^H 

m^hat we call the centre of gravity of the e^^| 

whioh I will explain to you by-and-by. ^^H 

I want you to understand that this prop^^H 

of gravitation is never lost; that every ^^H 

stance possesses it ; that there is never ^^M 

change in the quantity of it ; and, first of ^^H 

will take aa illustration a piece of mw^^| 

Now this marble has weight, as you will SQ^^H 

I put it in these scales ; it weighs the bal^^H 

down, and if I take it off, the balance goes l^^H 

again and resumes its equilibrium. I caa^^H 

compose this marble and-change it in the S^^H 

mner as I can change ice into water ^^H 

'frater into steam. I can convert a part ti^^| 

Into its own steam easily, and show you ^H 

^18 steam from the marble has the property I 

' remaining in the same place at common ] 

mperaturea, which luaMr-ateam has not. If I 
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add a little Uqaid to the marble aod deoDmpOBa 
iin, I get that which you see — [the leotiu 
here put several lumps of marble into a gla 
jar, and poured water and then acid over i\ 
ihe carbonic acid immediately commenced t 
escape with considerable effervescence] - 
appearance of boiling, which is only the sefMI 
ration of one part of the marble from anotlu 
Now this [marble] steam, and that [wates 
steam, and all other steams, gravitate just li 
any other substance does ; they all are attn 
ed the one toward the other, and all fall toward 
the earth, and what I want you to see is that 
I steam gravitates. I have here {jvf. 2) a 




i vessel placed upon a balance, and the 
lement I pour this steam into it you see that 
a gravitates. Just watch the index, 



see -whether it tilts over or not. [The Ice- 
t^irer here poured the carbonic acid out of the 
glass ill which it was being generated into the 
vessel suspended on the balance, when the 
gravitation of the carbonic acid waa at once 
apparent.] Look how it is going down. How 
pretty that is ! I poured nothiBg in but the 
invisible steam, or vapor, or gas which came 
from the marble, but you see that part of 
the marble, although it has taken the shape 
of air, still gravitates as it did before. Now 
will it weigh down that bit of paper ? [plac- 
ing a pieco of paper in the opposite scale.] 
Yes, more than that; it nearly weighs down 
this bit of paper [placmg another piece of 

ipcr in]. And thus you see that other forma 

matter besides solids and liquids tend to fall 

to the earth ; and, therefore, you will accept 

frara mo the fact that all things gravitate, 

whatever may be their form or condition. 

fow here is another chemical test which ia 
readily applied, [Some of the carbonic 
acid waa poured from one vessel into Miother, 
and its presence in the latter shown by intro- 
ducing into it a lighted taper, which waa im- 
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mediately extinguished.] You see from t 
result also tlaat it gravitatea. AH these experi- 
menta show you that, tried by the hidimco, tricJ 
hj pouring like water from one vcesel to ag^m 
'.'ther, this steam, or vapor, or gas is, like ^H 
i.itlier things, attracted to the earth. "^H 

There is another point I want in the next 
place to draw your attention to. I have here 
a quantity of shot ; each of these falls separate- 
ly, and each has its own gravitating power, as 
you perceive when I let them fall loosely on a 
sheet of paper. If I put them into a bottle, I 
collect them together as one mass, and philoso- 
phers have discovered that there is a certain 
point in the middle of the whole collection of 
shots that may be considered as the one p&inl 
in which all their gravitating power is centred, 
and that point they call the centre of yravitij ; 
it is not at all a bad name, and rather a short 
one — the centre of gravity. Now suppose I 
take a sheet of pasteboard, or any other thing 

lily dealt with, and run a bradawl through it 
e corner, a (_/?j. 3), and Mr. Anderson hold 

fe op in his hand before us, and I then take 
! of thread and an ivory ball, and hang 
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Fig. 3. 



Fig. 4. 





that upon tlie awl, tlien tlie centre of g. 
of both the pasteboard and the ball and 
are as near as they can get to the centre 
earth ; that is to say, the whole of the a 
ing power of the earth is, as it were, cent 
a single point of the cardboard, and this 
is exactly below the point of suspension. 
I have to do, therefore, is to draw a lin( 
corresponding with the string, and we 
find that the centre of gravity is somewh 
that line. But where? To find that c 
we have to do is to take another place f 
awl (Jig. 4), hang the plumb-line, and mal 
same experiment, and there [at the poin 
the.centre of gravity — ^there where the tw< 



^^Hriiidi I have traced cross each other; ami : : 
^^KUx that pasWboanl, and raakc a hole with i:.< 
^ I ^3w] tbrough it at tb^t point, Toa will Sl^ 
\ I flitt it will be Bupportt-d io any po»tioQ ^| 
jpi "iiicli it may he placed. Now, knowing thst, 
g I »iiat do I do when I try to stand apoii ■■ 

L 1^? Do you not see that I push myself o\.-. 
^H|^Hb[t ^de, and quietly take up the' rigtil 
^^^^^^Wms bring some central point in my 
^^HPKer this lefl leg? What is that [loiiit 
"^^"it^i I throw over? You will know at oi ■ 
# ~Bt it is the cenlre of gravify— -that point in t ■ . ■ 
HjJ'Jere the whole gravitating forco of niy b(-il 
^^v Centred, and which I thus bring in a li;" 
^R*^r my foot. 

llere is a toy I happened to see the olli' ■ 
^J, which will, I think, serve to illustrate ■ ■ ■ 
'■'^^ject very well. That toy ou^kt to lie sonn;- 
, ^"ing in this manner {Jrg. 6), and would do so 
^ f it were uuiforra in substance ; but you see it 
^oes BOt ; it will get up again. And now phi- 
losophy comes to our aid ; and I am pcrfiictly 
Hure, without looking insido the figure, that 
there ia some arrangement by which the oeoi 
^gaviti' ia at the lowest point when iiiSM 




(, a piece of stick, and a pail, and the 
wsition is, how can that pail be hung to the 
idge of this table ? It is to be done, and can 
ibu at all anticipate what arrangement I shall 
poake to enable me to succeed ? Why this. I 
a stick, and put it in the pail between the 
Wttom and the horizontal piece of wood, and 
has give it a stiff handle, and there it is ; and, 
; is more, the more water I put into the 
ail, the better it will hang. It ia very true 
^at before I quite succeeded I had the misfor- 
1 to push the bottoms of several pails out; 
here it is hanging firmly (Jiy. 9), and yon 
mow see how you can hang up the pail in the 
ray which the conjuring books require. 
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Again, if you are really so inclined (and I A 
hope all of you are), you will find a great 
of philosopty in this [holding up a cork a 
pointed thin stick about a foot long]. Do B 
refer to your toy-books, and say you have seen 
that before. Answer me rather, if I ask you, 
have jou understood it before? It is an ex- 
periracEt which appeared very wouderful to mc 
when I was a boy. I used to take a piece of 
cork (and I remember I thought at first that 
it was very important that it should be cut out 
1 the shape of a man, but by degrees I got rid 
ptbat idea), and the problem was to balance it 
|,tli6 point of a stick. Now you will see I 
py^^ only to place two sharp-pointed sticks o 
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Fig, 10. 
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on each side, and give it wings, thus, and you 
will find this beautiful condition fulfilled. 

We come now to another point. All bodies, 
whether heavy or light, fall to the iearth by this 
force which we call gravity. By observation, 
moreover, we see that bodies do not occupy the 
same time in falling ; I think you will be able 
to see that this piece of paper and that ivory 
ball fall with different velocities to the table 
[dropping them] ; and if, again, I take a feather 
and an ivory ball, and let them fall, you see 
they reach the table or earth at different times ; 
tha,t is to say, the ball falls faster than the 
feather. Now that should not be so, for all ■ 
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bodies do fall equally fast to tlie earth. There 
are one or two beautiful points included in that 
statement. First of all, it is manifest that an 
ounce, or a poimd, or a ton, or a thousand tons, 
all fall equally fast, no one faster than another: 
here are two balls of lead, a very light one and 
a very heavy one, and you perceive they both 
fell to the earth in the same time. Now if I 
were to put into a Httle bag a number of these 
balls sufficient to make up a bulk equal to the 
large one, they would also fall in the same 
time ; for if an avalanche fall from the mount- 
ains, the rocks, snow, and ice, together falling 
toward the earth, fall with the same velocity, 
whatever be their size. 

I can not take a better illustration of this 
than that of gold leaf, because it brings before 
us the reason of this apparent difference in the 
time of the fall. Here is a piece of gold leaf. 
Now if I take a lump of gold and this gold 
leaf, and let them fall through the air together, 
you see that the lump of gold — the sovereign 
or coin — ^will fall much faster than the gold 
leaf. But why ? They are both gold, whether 
sovereign or gold leaf Why should they not 
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fall to the cartli with the same quickness 
TL'if icouU do so, but that the air around oui 
globo inlorferos Tcry much where we have the 
piroo of gold so extended and enlarged as to 
otViT much obstruction on falling through it 
1 will, however, show you that gold leaf does 
fall as f'lst when the resistance of the air is ex- 
cIuiIihI : for if I take a piec« of gold leaf anff 
lianjT it in the centre of a bottle, so that the 
,r;o1vl. and the bottle, and the air within shall 
all have an equal chance of falling, then the 
p^lvl h\'if will fall as fiist as any thing elsa 
And ifl snsix^nd the bottle containing the gold 
leaf to a string, and set it oscillating like a 
piM^lnlnni. 1 may make it vibrate as hard as I 
]>loas(\ and the gold leaf will not be disturbed, 
but will swing as steadily as a piece of iron 
w»Mild do: and 1 might even swing it round 
mv hoad with anv derive of force, audit would 
r<M\\ain \mdistnrbed. Or I can try another 
Kind of r\perinuM»t : if! liaise the gold leaf in 
ihiM wav [pidling the bottle up to the ceiling 
ol' (ho thratn^ bv means t^f a cord and pulley, 
i\\\\\ thou .'-.iiddonlv lotting it. full to within a 
fow inoho.M pI' tlu» hHauiX) tnblo], and allow it 
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tlien to fall from the ceiling downward (I i 
put something beneath to catch it, supposing T 

Eiiould he maiadroii), jou will perceive that the 
gold leaf is not in the least disturbed. The re- 
sistance of the air having been avoidetl, the 
glass bottle and gold leaf all iiJl exactly in iha 
^Bne time. 

^HQere is another illustration : I have hm 
^Hfce of gold leaf in the upper part of i 
^^^K glass Tessel, and I have the means, 1 
^Hle arrangement at the top, of letting 1 
^Hd leaf loose. Before -wc let it loose v 
^Hbove the air by means of an air-pump, and, 
^Hdle that is being done, let me show you an- 
^Buier experiment of the same kind. Toko a 
^Btoiny-piece, or a half crown, and a round 
HpUce of paper a trifle smaller in diameter than 
^pe coin, and try them side by side to sco 
Hrhether they fall at the same time [dropping 
BEtem]. Toa see they do not — the penny- 
^Kece goes down first. But, now place this 
^nper flat on the top of the coin, so that it shall 
^»t meet with any resistance &om the air, and 
^Bmon iTien dropping them you see they do both 
^bU in the same time [exhibiting the effect]. ^B 
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LECTURE n. 

GBAVITATION. — COHESION. 

Do me the favor to pay me as much atten- 
tion as you did at our last meeting, and I shall 
not repent of that which I have proposed to 
undertake. It will be impossible for us to con- 
sider the Laws of Nature, and what they effect, 
unless we now and then give our sole atten- 
tion, so as to obtain a clear idea upon the sub- 
ject. Give me now that attention, and then I 
trust we shall not part without our knowing 
something about those laws, and the manner 
in which they act. You recollect, upon the 
last occasion, I explained that all bodies at- 
tracted each other, and that this power we 
called gravitation, I told you that when we 
brought these two bodies [t^ equal-sized 
ivory balls suspended by threads] near togeth- 
er, they attracted each other, and that we might 
suppose that the whole power of this attraction 
was exerted between their respective centres 
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of gravity ; and, furthermore, jou learned fl 

me that if, instead of a small ball I took a 

larger one, like Oiat [uhanging one of tlic balls 

for a much larger one], there was much more 

of this attraction exerted ; or, if I made thia 

ball larger and larger, until, if it were possible, 

it became as large as the Earth itself — or I 

might take the Earth itself as the large ball 

. — ^thal then the attraction would become so 

Vpowerfid as to cause them to rush together in 

■;iljis manner [dropping the ivory ball]. You 

KlRt (Acre upright, and I stand upright hurt, be- 

ffca'ose we keep our centres of gravity properly 

Bjfcftlftneed with respect to the eaiih ; and I need 

B%ott^you that on die other side of this world 

Bnhe people are etanding and moving about with 

Bhtheir feet toward our feet, in a reversed posi- 

B'itioii as compared with ua, and all by means of 

■tfbis power of gravitation to the centre of the 

^1 I must not, however, leave the subject of 
^fcavLtation without telling you somethiug 
^Hjbout its laws and regularity; and, first, as 
^Begards its power with respect to the distance 
^Kat bodies are apart. If I take one of thoj^f 
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ought first to be washed very dean, and drie^-^ 
you will find to-morrow tiiat we shall have ^ 
beautiful crystallization over the (K>ke, makii^'^ 
it exactly resemble a natural mineral 

Now how curiously our ideas expaad \s^ 
watching these conditions of the attraction o^ 
cohesion ! how many new phenomena it giire^ 
us beyond those of the attraction of gravita- 
tion! See how it gives us great strength. 
The things we deal with in building up the 
structures on the earth are of strength — ^we use 
iron, stone, and other things of great strei^gth; 
and only think that all those structures you 
have about you — ^think of the QreoX Eastern^ if 
you please, which is of such size and power as 
to be almost more than man can manage — are 
the result of this power of cohesion and attrac- 
tion. 

I he ii here a body in which I believe you 
will see a change taking place in its conditioii 
of cbhesion at the moment it is made. It is at 
first yellow; it then becomes a fine crimson red. 
Just watch when I pour these two liqxiids to- 
gether — ^both colorless as water. [The lecturer 
here mixed together solutions of perchloride 
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liicli is 
5 color. 

ta now 

it up<^^ 



a mereory and iodide of potnssiam, when { 
yelloir precipitate of biniodi Je of mercury S 

(iota, which almost immediately becume c 
son rsd] Now there ia a substance which uT 
^ beautiful, but see how it is changing color. 
It was reddjflh-jellow at first, but it baa now 
l^ttme red.(^) I have previously prepared-il^ 
little of this red sabstance, which you » 
^ b tie liquid, and have put some of it u 
r^per [exhibiting several sheets of paper coat- 
ed with scarlet biniotUde of mercury^)]. There 
it is— the same substance spread upon paper; 
iUid there, too, is the same substance ; and here 
is some more of it [exhibiting a piece of paper 
as large as the other sheets, but having only 
very httle red color on it, the greater part being 
yellow] — a h'Ule more of it, you will aay. Do 
not be mistaken ; there is as much upon the 
surface of one of these pieces of paper as upon 
} other. What you see yellow is the same 
f OS the red body, only the attraction of 
sion is in a certain degree changed ; for I 
1 take thb red body, and apply heat to it 
1 may perhaps see a little smoke arise, but 
t ia of no consequence), and if you look at 
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but we can not well find out how these fbrmf: ] 
become so, and I want you, theieforei to take ! 
a lesson in the way in which we nae a lay of ' 
light for the poipose of seeing what is in the. 
interior of bodies^ Light is a thing which is^ 
80 to say, attracted by every sabstanoe ihat 
grayitates (and we do not know any thing that 
does not). All matter affects light more or 
less by what we may consider as a kind of at- 
traction, and I have arranged {fg. 18) a very 



simple experiment upon the floor of the room 
for the purpose of illustrating this. I have 
put into that basin a few things which those 
who are in the body of the theatre will not be 
able to see, and I am going to make use of this 
power which matter possesses of attracting a 
ray of light. If Mr. Anderson pours some 
water, gently and steadily, into flaa \>^\x\, ao^ 
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■vater will aUnct Ibe taya of light downwan], 
and the piece of silver sad ihs acaling-wax will 
appear to lise up into tha sight of then* who 
vrerc before not high- eooogli to sco over thg, 
idc of the basin 1o its bottom. [Mr. AodHl 
^a here poored water into the basin, and npOfl 
le lecturer asking whether any botly cotUu 
the silver and sealing-wax, bo was answer- 
•fid by a general affirmative,] Now I siipposii 
that every body can see that they arc not :i! 
all disturbed, while from the way they npfK-ar 
to have risen up you would imagine the Ixjl- 
torn of the basin and the articles in it were two 
inches thick, although they are only one of our 
small silver dishes and a piece of sealing-wi 
which I have put there. The light which 
goes to you from that piece of silver was 
atructed by the edge of the basin when theiv 
was no water there, and you were uniiblc tn 
see any thing of it; but when we poured in 
water the rays were attracted down by it fn ■ 
the edge of the basin, and you wort? thus < n.' 
to see the articles at the bottom. 
have shown you this experiment AfHl.. : ' 
joa might understand ^ov( ^^w^ft -aM^V'^v 
K 
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with a pair <rf plieia.] Yon sec, I now find n^^ 
difficultT in becdii^ this end obont as I lik 
wheteas I can not bend Uie oold part at i 
And TOB know how tie Bmith takes a pi© 
iion and heata it in order to render it soft It 
his [HUpose : be acts npoa oar principle c 
ening d» adhesion of the particles, although 
be is not exactly acquainted with the tenns Jl 
vhidi we express it 

And now we have another point to exa 
and this water is again a tcij good substance 
til lake as an iUostialion (as philosophers wq 

Bl it all water, even though it be in the form 
) or steam). Wliy is ibis water hnrd? 
Innting to a block of ice] : becaose tho attrac- 
a of the particles to each other is sufficient to 
ike them retiun their places in opposition to 
rco applied to it. But what happens when 
we make the ice warra ? Why, in that case we 
diminish to such a large extent the ]iower of 
attraction that the solid substance is destroyed 
altogether. Let me illustrate this: I will take 
n. red-hot ball of iron [Mr, Anderson, by means 
of a pair of tongs, handed to the lecturer a red- 
JioJ baU ofiroOf about two inckea in. t^aJQe\£i\, 
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fabebg the MjJ hai ieaa ■ 

tfaeocaaaaeksa. Socat&v 
*'>ter H beoamiDg bpnd, the bat oftte baa » 

*^ actBaQy riMg ia Mcml; d» l i liMt ioa «f 

^^^ne of the pankles t»t 

not eren hold tagelhain the t 
bid escape «s Tmpor. Ax ihe s 
Bee I can not meh all this ice bj the t 
'^ctotained in tliis ball. In the ooane of a V 
^lion time I sball find it will have faecome q 
cold. 

Here is the water which wo havo prodoiv 

ly destroying some of the attraction which c 

isted between the particles of the ice, for b 

a certain temperature the particles of wutt;r'i 

in their mutual attractiou and beoc 

and above a certain temperature tho.J 

ition decreases and the water bcconifs fitol 

id exactly the same thing bapjiena with | 

im, and nearly every aubstauco in uatui 

tempo raf. II re 13 incrcuseiV \.o 1 
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9 case lierc, and all because salt has (be p 
BSening ihc attraction between the 
icles of ice. Here you see the tia dish is fi 
to the board ; I can even lift this little sto 



s experiment can not, I think, &il ti 
3 upon jour minds the fact that whei 
^Dlid body loses some of that force of att 
1 by means of which it remains solid, ! 
8 absorbed ; and ii^ on the other hand, we con- 
vert a liquid into a solid, e. p., water into ice, ft 
corresponding amount of heat is given out. I 
have an experiment showing this to be the 
case. Here {Jig. 21) is a bulb, X, filled with 




llKAT EVOLVED DUBINC SOLIDIFICATION. 
■now that if I put mj band on the bulb a, aai 
■■'•■inait, the colored liquid which ia now stand^'1 
V'is Ae tube At c will travel forward. Now J 
■ <: tnve discovered a means, by great care and I 
nsarcli into the properties of varioua bodieBJ; 4 
"I preparing a Boluaon of a Ba]t(") which, if 
-'i^iken or distvirbed, will at once become a 
"I'll; and as I explained to you just now for 
*vbat is true of water is true of every othet— 
liquid}, by reason of its becoming solid heat !■ 
evolved, and I can make this evident to you bjl 
poiiriug it over thia bulb ; there ! it is becom- 
c Solid ; and look at tbo colored liquid, how 
^ being driven down the tube, and how it 
''ubhling out through the water at the end; 
^^ so we leam this beautiful law of our phi- ^ 
I'^phy^ that whenever we diminish the attrac 
''"D of cohesion wo absorb heat, and wheneverB 
'"'''e increase that attraction heat is evolved, 
'^iSj then, is a great step in advance, for you 
*in?e learned a great deal in addition to the 
'Here circumstance that particles attract eaolb 
other. But yon must not now suppose thB| 
l*ecause they are liquid they liave lost their a 
m ofcobesioa ; for bere is l\ie feuiJitt 



r, and if I poor it &c«q <Hie Tessd i 

r, I fiod that it will fbim a Ktream fi 

e down to the gUs — a continuous rod of 

1 inercarjr, the portjclts of which Lave at- 

1 sufficient to make them hold together 

s way through the air down to the glass 

; and if I pour water quietly iJom a jug, 

cause it to nm in a contiiiuous stream io 

lune manner. Again : let me put a little 

: on this piece of plate glass, and then 

Jto another plate of glass and put it on tlie 

; there 1 the upper plate is quite free to 

Dove, gliding about on the lower one from 

■de to side ; and yet, if I take hold of the up- 

r plate and lift it up straight, the cohesion is 

) great that the lower one ia held up bj it. 

) how it runs about aa I move the upper 

(ne, and this is all owing to the strong attrac- 

bn of the particles of the water. Let me 

hcv you another esfwriment. If I take a lit- 

I BOap and water — not that the soap makes 

s particles of the water more adhesive one 

r the other, but it certainly has the power of 

latinuing in a better manner the -attraction 
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Ill to experiment witli soap-bubbles, to t 
I to have every tiling clean an<l aonpy). 
I now blow ft bubble, and tliat I may \ 
.0 talk and blow a babble too, I will fake 
■' plate witb a little of tbe soapsuds in it, and 
will just soap tbo edgea of tbe pipa and blow a 
Ijubble on to the plate. Now tbere is our bdH 
ble. "Why doca it hold together in this ma^f 
Der? "Why, because the water of which it-^| 
^''fflposed has an attraction of particle for p^H 
tide— so great, indeed, that it gives to this bi^H 
ole the very power of an ladia-ruhber ba^H 
'"'' Jou see, if I introduce one end of this gltlijH 
^^be into the babble, that it has the power ^fl 
acting so powerfully aa to force enougH 
pAroagb the ttibe to blow out a light (/j. ^H 
pie light is blown out. And look ! sco ho^H 
■Tmbble is disappearing— see how it is g(^| 
I Bmaller and smaller. ^M 

?here are twenty other experiments I nw^fl 
r you to illuRtrate this power of cohesi<i^| 
cles of liquids. For instance, wh^| 
Would you propose to me if, having lost t]^| 
stopper out of tMs alcohol bottle, I should waifl 
Be/i9se it speedily witK aome.'Com^ "fisax S 
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alcnnoL A^iSlm 
1 tUi pba mwld do a 



in Omla itoppend cnl^' i 
lb« prarat time the cotton is f 
oQ hm inirod here, bat fonnerij it a 
twt H> ■toppeied). Now if it irere n 




|«ttii3l« of liquiil colitriiiR together,^ 
M woulil run out; and if I had time- 
Hi»V* shrtwii rii'i i» vwwpI with tha top, 
iWf) iktJnt nItU|r(>tlioT fomiol like a a 
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D }uiTe aow Been thit ihe solid vatcr can 
e Said bj Ute additiOD of beat, owing to 
; the attractiTe force betweea tia 
B, and yet yon see that there is a good 
r attractire force retnaining behind. I 
f to take you another step beyond. 
"6 saw that if we continued applying heat to 
''le water (as indeed happened with our piece 
"f ice here), that we did at last break up that 
''"'Taction which holds the liquid together, and 
' am about to take some ether (any other liquid 
'^ould do, but ether makes a better experiment 
''^f my purpose) in order to illustrate what wilt 
^Ppen when this cohesion is broken up. Now 
'^ liquid ether, if exposed to a very low t 

P^rature, will become a solid ; but if wo apj 

^eattoit, it becomes vapor; and I want to show 
^Ou the enormous bulk of the substance in this 
^'ewform: when we make ice id to water, we_ 
lessen its bulk ; but when we convert water ii 
steam, we increasG it to an enormous exte 
You see it is very clear that as I apply beat S 
llie liquid I diminish its attraction of cohesion : 
it is now boiling, and I will set fire to the va- 
^ BO that you may be ena\)\ei \.q yii^- ^ 
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it, which t 



! perhaps g 



a a better- 
c occupied bj a 1 
or. Here is a subatai 
, and I am about to submit 
'iis solid body to the same kind of condition 
'^ regards heat that I did the wat«r and tha 
"^^r [putting a few grains of iodine into a 
B'QSa globe, which immcdiatelj became fill 
"^tli the violet vapor], and you see the sanii 
'''nd of change produced. Moreover, it gives 
"^ the opportunity of observing how bcnutilul 
's the violet-colored vapor from this black sub- 
stance, or rather the mixture of the vapor with 
^ (for I would not wish you to undersl 
tW this globe is entirely filled with the vi 
of iodine). 

If I had taken mercury and converted it into 
vapor (ag I could easily do), I should have 
perfectly colorless vapor ; for you must under- 
stand this about vapors, that bodies in wl 
we call the vaporous or the gaseous state 
always perfectly transparent, never cloudy 
smoky ; they are, however, often colored, and 
we can frequently have colored vapors or gases 
produced by colorless particles themeelves 
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CHEMICAL AFTnnry. 



out prodacing water ; and it is curious to tl 
how often yoa must hare made the experira 
of combining oxygen and hydrogen to f 
water without knowing it. Take a candle,! 
instance, and a clean sUvcr spoon (or a piece! 
clean tin will do), and, if you hold it over ^ 
flame, yoa immediately cover it with dew— 
a smoke — which presently evaporates. 
perhaps, will serve to show it better, Mr. j 
derson will put a candle under that jar, and y 
will see how soon the water is produced {fig. i 




Look at that dimness on the sides of the gla^ 
which will soon produce drops, and trickle 
down into the plate. Well, that dimness and 
these drops are waler, formed by the union of 
the oxygen of the air with the hydrogen exist- 
5 in the was of which that candle is formec 
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T -And now, having brooght joa, in the 
pW, to the consideration of chemical t 
tiOB^^muat enlarge your ideas so as to iucli 
^( all sa^tances which hare this attraction for 
Khother; for it changes the character of l-' 1 
S| and altera them in this way and that wnv 
la the most extraordinary manner, and pro- 
iJiices other phenomena wonderful to Uiiuk 
j about. Here is eome chlorate of potash, and 
' (llere some sulpharet of anlimony.('^ We will 
mis these two different sets of particles togeth- 
er, and I want to show you, in a general sort of 
way, some of the phenomena which take place 
when we make different particles act together. 
Now I can make these bodies act upon each 
other in several ways. In this case I am going 
to apply heat to the mixture ; but if I were to 
give a blow with a hammer, the same result 
would follow. [A lighted match was brought 
to the mixture, which immediately exploded 
with a sudden flash, evolving a denao white 
smoke.] There you see the result of the action 
of chemical affinity overcoming the attraction 
of cohesion of the particles. Again, here is a 
little sugar('^), quite a different substance 
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forcibly pressed down, when a flame, due 
combustion of the ether, was visible in thi 
er part of the syringe.] All we want is t 
a little ether in vapor, and give fresh air 
time, and so we may go on again and a^ 
getting heat enough by the compression oi 
to fire the ether- vapor. 

This, then, I think, will be suiBSLcient, acc( 
panied with all you have previously seen, 
show you how we procure heat. And now 1 
the effects of this power. "We need not consi 
er many of them on the present occasion, b 
cause, when you have seen its power of chang 
ing ice into water and water into steam, yoi 
have seen the two principal results of the ap- 
plication of heat. I want you now to see how 
it expands all bodies — all bodies but one, and 

V. 

that under limited circumstances. Mr. Ander- 
son will hold a lamp under that retort, and 
you will see, the moment he does so, that the 
air will issue abundantly from the neck which 
is under water, because the heat which he ap- 
plies to the air causes it to expand. And here 
is a brass rod {fig. 32) which goes through that 
hole, and fits also accurately into this gauge; 
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liut if I make it warm with tliia spirit lamp, 1 
■'rill only go in the gauge or througli the hole 
nh difficulty; and if 1 were to put it into 
bailing water it -would not go through at alL 
Again, as soon as the heat escapes from bodies, 
i(:ey collapse : see how the air is contracting in 
ihe vessel now that Mr. Anderson has taken 
away his lamp ; the stem of it is filling with 
water. Notice too, now, that although I can 
not get the tube through this hole or into the 
gauge, the moment I cool it, by dipping it into 
water, it goes through with perfect facility, so 
that we have a perfect proof of this power of 
heat to contract and expand bodies. 
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at present ; you aee clearly there are two kin 
f\ of electricities wliicli may be obtained by m 
1/ bing shellac with flannel or glass with silk. 
Kb w there ate some curioas bodies in natu 
(uf which I have two specimens on the tab 
which are called mctgncis or loadstones; ores 
iron, of which there is a great deal sent frc 
Sweden,' They have the attraction of gra- 
tation, and attraction of cohesion, and ceris 
chemical attraction ; but they also have a gw 
attractive power, for this little key is held 1 
by.this atone. Now that is not chemical attn 
tion ; it ia not the attraction of ehemieal affi 
ity, or of aggregation of particles, or of col 
sion, or of electricity (for it will not attract tl 
ball if I bring it near it), but it is a separate ta 
dual attraction, and, what is more, one which 
not readOy removed from the substance, for 
has existed in it for ages and ages in the bo' 
els of the earth. Now we can make artifici 
magnets (you will see me to-morrow make ar 
ficial magnets of extraordinary power). At 
let us take one of these artificial magnets ai 
examine it, and see where the power is in tl 
mass, and whether it is a dual power. Yen 



MAGiranC ATTBACnON. 
it attracts these keys, two or threi 
and it will attract a very large piece of iron. 
That, then, ia a very different thing indeed to 
I ■wW you saw in the case of the sheDac, for that 
KftJy attracted a light ball, but hero I have sev- 
Wal ounces of iron held up. And if we come 
to examine this attraction a little more closely, 
we shall find it presents some other remarkable 
ilifierences ; first of all, one end of this bar {Jig. 
37) attracts this key, but the middle does not 
attract It is not, then, the ichole of the sub- 
stance which attracts. If I place this little key 
'11 the middle it does not adhere ; but if I place 
it ihsK, a little nearer the end, it does, though 
feebly. Is it not, then, very curious to find that 
'iiere is an attractive power at the extremities 
ffMeh ia not in the middle — to have thus in 
one bar two places in which this force of attrac- 
tion resides ? If I take this bar and balance it 
carefially on a point, bo that it will be free to 
Move round, I can try what action this piece of 
iron has on it. "Well, it attracts one end, and 
it also attracts the other end, just as you saw 
the shellac and the glass did, with the exception 
of its not attracting in the middle. But if nowj 
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a piece of iron, I take a magnet, and 
eiamine it in a similar way, you see tbat one of 
its ends repels the suspended magnet ■ the force, 
then, is no longer attraction, but repulsion; but, 
if I take the other end of the magnet and bring 
it near, it shows attraction again. 

Tou will see this better, perhaps, by another 
kind of experimaat Here (Jig. 38) is a little 
let, and I have colored the ends differently, 
that you may distinguish one from the oth- 
Now this end (s) of the magnet (Jig. 37) at- 
tracts the xmcolored of the little magnet. You 
see it pulls toward it with great power ; and, as 
I cany it round, the uncolored end still follows. 
But now, if I gradually bring the middle of the 
bar magnet opposite the uncolored end of the 
needle, it has no effect upon it, either of attrac- 
tion or repulsion, until, as I come to the oppo- 
extremity (n), you see that it is the 
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?3d of the needle which is polled toward ] 
''Ve are now, therefore, dealing with two kinds 
o:' power, attractiiig dlfierent ends of the mag- 
net — a double power, already existing in these 
odies, which takes ap the fonn of attraction 
:,Dd repulsion. And now, when I put np this 
label with the word magnetisu, you will un- 
deistaod that it is to express this double power, 
Now with this loadstone you may make mag. 
nets artificially. Here is an artificial magnet 
I) in which both ends have been brought 



[ether in order to increase the attraction. 

33 will lift that lump of iron, and, what 

■more, by placing this keeper, as it is called, 

P the top of the magnet, and taking hold of 

i handle, it will adhere sufficiently strong] 



I 
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MAGNETISM. 

to allow itself to be lifted up, so wonderful is its 
power of attractioE, If you take a needle, and 
just draw one of its ends along one extremity 
of the magnet, and then draw the other end 
along the other extremity, and then gently place 
it on the surface of some water (the needle will 
generally float on the surface, owing to the 
slight greasiness communicated to it by the fin- 
gers), you will be able to get all the phenomi 
of attraction and repulsion by bringing ano1 
magnetized needle near to it. 

I want you now to observe that, althouglT 
I have shown you in these magnets that this 
double power becomes evident principally at 
the extremities, yet the whole of the magnet is 
concerned in giving the power. That will at 
first seem rather strange ; and I must therefore 
ehow you an experiment to prove that this is 
not an accidental matter, but that the whole of 
the mass is really concerned in fiiis force, just 
as in falling the whole of the mass is acted upon 
by the force of gravitation. I have here {fig. 4^ 
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' II steel bar, and I am going to make it a mag- 
itt by rubbing it on the large magnet {Jig.59). 
1 bave now made the two ends magnetic in op- 
I osite ways. I do not at present know one 
I'lom tlie other, but we can soon find out. You 
■■-K, when I bring it near our magnetic needle 
1%. 38), one end repels and the other attracts ; 
ml the middle will neither attract nor repel — 
it can not, because it is halfwan between the two 
mds. But now, if I break out that piece {n, s), 
and then examine it, see how strongly one end 
(n) pulls at this end (s, fig. 38), and how it re- 
pels the other end (n). And so it can be shown 
that every part of the magnet contains this pow- 
er of attraction and repulsion, but that the pow- 
er is only rendered evident at the end of the 
mass. You will understand all this in a little 
while ; but what you have now to consider is 
that every part of this steel is in itself a mag- 
net. Here ia a little fragment which I have 
broken out of the very centre of the bar, and 
you will still see that one end is attractive and 
the other is repulsive. Now is not this power 
a most wonderful thing ? And very strange, 
the means of taking it from one substance and 
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this subject too much, but if I take a piece of 
metal and briog it against the knob at the top 
and tbe metallic coating at the bottom, yon 
■will see the electricity passing through the air 
as a brilliant spark. It takes no sensible time 
to pasB through this ; and if I were to take a 
long metallic wire, no matter what the length, 
at least as far as we are concerned, and if I 
make one end of it touch tbe outside, and tbe 
other touch the knob at the top, see how tbe 
electricity passes ! it has flashed instantaneous- 
ly through the whole length of this wire. Is 
not this different from the transmission of beat 
through this copper bar {fig. 42), which 1 
taken a quarter of an hour or more to i 
the first ball ? 

Here is another experiment for the pm 
of showing the conductibility of this power 
through some bodies and not through others. 
Why do I have this arrangement made of brass? 
[pointing to the brass work of the electrical 
machine, fy. 41]. Because it conducts elec- 
tricity. And why do I have these columns 
made of glass ? Because they obstruct the pas- 
fc«ge of electricity, .^d why do I put that pdH 



ELECTRICAL REPULSION. 

per tassel (Jg.iZ) at the top of the [ 
a glaaa rod, and connect it vith this mac 





\ 



S of a wire ? You see at once that a| 
as the handle of the machine ia turned, tw 
tricity Trhich is evolved travels along thl| 
and up the wooden rod, and goea to thel 
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^f LECTURE VI 

■■^HE COBRELATION OF THE FHYSICAL FORCES.! 

We have frequently seen, during the course' 

of these lectures, that one of thoae powers or 

forces of matter, of which I have written the 

names on that board, has produced results which 

are due to the action of some other force. Thus 

you have seen the force of electricity acting in 

other ways than in attracting ; you have also 

seen it combine matters together or disunite 

them by means of its action on the chemical 

force ; and in this case, therefore, you have an 

instance in which these two powers are related, 

1 But we have other and deeper relations than 

I these ; we have not merely to see how it is that 

pne power affecta another — how the force of 

Beat affects chemical affinity, and so^orth, but 

\e must try and comprehend what relation they 

\ar to each other, and how these powers n 

I changed one into the other ; and it will 

f require all my care, and your care too, 
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HEL4T AITD CHEJOCAI. AFFIX ITV. 
make this clear to year minds, I shall be 
obliged to confine myself lo one or two in- 
stances, beca^^=e to take in ihe whole extent of 
this mutual relation and conversion of forces 
would surpass the human intellect. 

In the first place, then, here is a piece of fine 
zinc foil, and if I cut it into narrow strips and 
apply to it the power of heat, admitting the 
contact of air at the same time, you will find 
that it burns; and then, seeing that it burns, 
you will be prepared to say that there is chem- 
ical action taking place. You see all I have to 
do is to hold the piece of zinc at the side of 
the flame, so as to let it get heated, and yet to 
allow the air which is flowing into the flame 
from all sides to have access to it ; there is the 
piece of zinc burning juat like a piece of wood, 
only brighter. A part of the zinc is going up 
_ into the air in the form of that white smoke, 
iid part is falling down on to the table. This, 
len, is the action of chemical affinity exerted 
letween the zinc and the oxygen of the air. 
I show you what a curious kind of alTinity 
is by an experiment which is rather atrik- 
; when seen for the first time. I hai 
K 
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more effective arrangement. Instetid of ■ 
a macluQe which we are obliged to tan 
loDg time together, we have here a ehfiniam 
er which sends forth the spark ; and it m 
derful and beautiful to see how this sA 
carried about through these wipes. I wn 
to perceive, if possible, that this very spuj 
the heat it produces (for there is heat) j 
ther more nor less than the chemical fa 
the zinc — its ver>/ force carried along winj 
conveyed to this place. I am aboat tO'l 
portion of the zinc and bum it in oxja 
for the sake of showing you the kind oJ 
produced by the actual combustion in oj 
gas of some of this metal. [A tassel 6i 
foil was ignited at a spirit lamp and intrtd 
into ajar of oxygen, when it burnt witlil 
hant light.] _Tliat shows youjwhattheM 
y* is when we c^Se'to consider it in its^ 
and powerj And the zinc is being buz^ 
the battery behind me at a much moroj 
rate than you see in that jar, because til 
is there dissolving and burning, and pn 
here this great electric light. That verj 
power which in that jar you saw evolvei 



r^ n ir ii tisng fii^K i 

Ine; atdye 

ibe sue E bvB^e IB duMC 'OqQs. and &■( ilv ' 

IS toe h^s% 4a HiM iw II 11^ ]^ij'.iiii!jag aie tw 

p<teffioQBMfltJiJ JCMH Agtu^gacIffiht]; 

Bbcnr iliat tfac aaoK^ cf pMHor rvc^Tod i> «i- 

power oTcr die doBcd fiao^ how wndofi^ 
It ve aie «lile to OMT^ il &«B piaee ID pboeJ 
^^^ ire me giuqx m d a- S» e^iksve par- 
poses, we "«" send into the imne f l w m i i r a l tSBst- 
1^ b; means of this deetiicitf; notliaTiagpio- 
vided fire beforehand, ms cui sotd it in U the 
moment -we require it. Now here (_^. 47) ia 
* Tessei coataining two charcoal points, aiid I 
bring it forward as an illustration of iho -woO' 
derftil power of conveying this force from plfW 
to place. I have merely to connect thoso i 
means of wires to the opposite ends of tlio h 
t«ry, and bring the points in contact. Soo 
an exhibition of force wo havo 1 W«i Imvn 
hau3ted the air so that tlio chaniual ( 
burn, and thcrcforo the Itgljt yoii nmh Ih r'<iitUi 



endt of the faBtaor. tai whaA Itm i 

aoRa Hm peeaSar KtioB. Tm we 3 

ODt cn Biy n^ hand vticb h« dw^poirer of 




1 



destroying tlie Woe, for the portion on Uiat 
i« thoroughly bleached, while nothing has ap- 
pmmUjr occmrcd on the other side, I say 
wmif/y, for you most not imagine that be- 
hniw yon am not perceive any action none 

I tnkon place, 

' Hero wo have nnotber instance of chemical 

I lakp these platinum plates again and 

fcrnpiw them in lliia solution of copper, from 

ikitfh wp fonnerly precipitated some of the 

iBtld, whpn tho platinum and zinc were both 

pal in it toip«thcr. You see that these two 

(tlfttiiiuni plattM* liftvo no chemical action of any 

k'iml; thvy tiiight remain in the solution 

'Kg u I likwl, without having any power 

iliouuelvfia to reduoo Iho copper; but the 
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mentl bring :aie 
contact vidi tzLsn.iiKe 
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»t the tTQ Dia±L:iZL rcLcS. i2ii zstt -r^ r":.;>,. 
"4Te the "pcw^s irpeiriz^ riL "ie V^ -v-~ : 
side, and taiowiag dew:! iie ?:^p«^- ^ ^ ^ - 
^allw state on. ibe padn^im r Jise : azjI jz. i^-i 

^^taordinarT waT in. Tr]iicL iij? ;'2eTr>:i'a' j..> 
^ or eleciricitT isaT ce sirriei i.:*:^:- "T.:^: 
^^''snge nugget of gc-Ii of Triicri :iierr L? a ncd- 
^ ill the other loocu and -yhxh has as. iz. j:r£s:: 
^f its own in the nar^iriL hfstorr of r:li a::id 
^nich came from Ballarar. a:ii was worth 
^8000 or £9<»3 when i: ^as melwd down 
^ November, was broazht together in the 
Dowels of the earth, perhaps ages and ages ago, 
^J some snch power as this. And these is also 
Mother beantifal residt dependent upon chem- 
ical affinity in that fine lead-tree(=*), the lead 
growing and growing by virtue of this power. 
The lead and the zinc are combined together in 
a little voltaic arrangement in a manner far 
more important than the powerful one you HtH^ 

L 
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if I wen to pTamJTHT the other end I shci'i. 
Sod ttou it wm a nugaeL See wiiat power i 




must have to support not only these nails, but 

all those lumps of iron hanging on to the end. 

^Hjput, then, can surpass these evidences of the 

^^Hlnge of chemical force into electricity, and 

^^fectricity into magnetism ? I might show yon 

many other experiments whereby I could oh- 

Iflin electricity and chemical action, heat and 

light from a magnet, but what more need I 

fibow you to prove the universal correlation of 

the. physical forces of matter, and their mntui 

cunvorsion one into anothey'^ 

Aiitl now lot UB give oImc m juTcnilea I 
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tune let me siddres niTself to tLose cf o:ir 
senioTs who bare hcaaor&i lae iriib tbcir pres- 
ence duiing these leecares. I irish vd o\^vr\ 
this moment for the pTnpose of trf^^Tw^PTn-ng out 
thanks to them, and mj thanks to yoa all for 
the way in which you have borne the inoon- 
venience that I at first sobiected you to. I 
hope that the insight which you have hen? 
gained intd scMne of the laws by which the 
uniyeise is governed, may be the oocaaon of 
some among you turning your attention to 
these subjects; for what study is there more 
fitted to the mind of man than that of the 
phyrical sciences? And what is there more 
capable of giving him an insight into the ac- 
tions of those laws, a knowledge of which gives 
interest to the most trifling phenomenon of 
nature, and makes the observing student find 

" Tongues in trees, books in the mnning brooks, 
Sennons in stones, and good in every thing V* 
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'maimer hy tbe psiabolic mnso^ I7 meanB <_: 
^Uch I gather all tkst ponitB of tfae ogre 

^^hich are mcloded in it — vpwari, dovsmd, 
sideways, any iri>ee «ithui its tfbfen of afr 
^on, tbey are all |adxd vp and sent fivwazd. 
^oa thtu aee viiat a bnatifiil »nj iBKiortmt 
inveation is thai ot tbe paiabolie tefle eio r tx 
throwing forward the tars of l^tt 

Before I go Ikither into the sobject of reflec- 
tion, let me point oat a farther mode of deal- 
ing with the directiaii of the light. For in- 
stance, bere is a candle, and I can employ the 
principle of r^raciion to bend and direct the 
rays of light, and if I want to increase the hght 
in any one direction, I must either take a re- 
flector or nse the principle of refraction. I 
. will place this lens (Jig. 56) in front of the can- 




1 you will easily see that by ita means 
1 throw on to that sheet of paper a grciit 
; that is to say, that instead of the light 



forv 
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LIGHT-HOUSE ILLUMINATION, 
ig thrown all about, it is refracted and con- 
trated on to that paper; so here I have an- 
icr means of bending the light and sending 
one direction ; and you see above a sUil 
,ter arrangement for the same purpose — one 
cornea up to the maximum, I may say, 
of the ability of directing light by this means. 
You are aware that without that arrangement 
of glass the hght would be dispersed in all di- 
rections, but the lens being there, all the light 
which passes through it is thrown into parallel 
beams and cast horizontally along. There is, 
consequently, no loss of light; the beam goes 
forward of the same dimensions, and will con- 
uently continue to go forward for five or 
01' so long as the imperfection of 
the atmosphere does not absorb it. And see ! 
what a glorious power that is, to be able to 
convert what was just now darkness on that 
paper into brilliant light I 

Whenever we have refraction of this sort, we 

are liable to an evil consequent upon the neces- 

:y imperfections in the form of the lens ; and 

Tyndall will take this lens, and will show 

lu, even in this small and perfect apparatus, 



POLYZONAL LENSES, 
^vhat is the evil of spherical aberration with' 

■ bioh we have to fight. This can be illus- 

■ :;ited by means of the electric lamp. If you 
'Wk at the screen, yow will see produced, by 
iiieans of this lens, a figure of the coal points. 
t'big image is produced by the rays which pasa 
'-rough the middk of the lens, a piece of cai 
viith a hole in the centre, being placed in front; 
Uti^ keeping the rest of the apparatus in the 
same position, I change this eajd for another 
piece which will only allow the rays to paaa 
'lirongh the edge of the lens, yon observe how 
mfi-Tior the image will he. In order to get 
Jistinct, I have to bring the screen much near- 
er the lamp ; and so, if I take away the card 
altogether, and allow the light to pass through 
all parts of the lens, we can not get n perfect 
image, because the different parts of the li 
are not able to act together. This spherical 
aberration is, therefore, what we try to avoid 
by building up compound lenses in the man- 
ner here shown {fig. 58), Look at this beauti- 
fid apparatus ; is it not a moat charming pii 
of workmanship? Buffon first, and Fresni 
afterward, built up these kind of lenses, ring 

M 
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cotding to the piirpoees for which they nre 
quired; bet snppoGe we want more effect 
13 piodooed by these means, how are we to get 
more %bt? Here comes the difficalty. "We 
(OS Dot get moTe Gght, hecaose we are limil 
bj the ODD^tioD of the Imnier. Inany of 
easee, if the spreadmg of the niy, or divergt 
as it is called, is not restnuoed, it soon fails from 
weakneae; and if it does not diverge at all, it 
makevthe tight so small that perhaps only one 
in a hondred can see it at the same time. The 
Soath Foreland light-house is, I think, 300 or 
400 feet above the level of the sea, and there- 
fore it is necessary to have a certiun divergence 
of the beam of light in order that it may shine 
along the sea to the horizon. I have drawn 
here two wedges : one has an angle of 15**, and 
^ows you ihe manner in which the light opens 
out from this reflector, seen at the distance of 
half a mile or more ; the other wedge has an 
angle of 6°, which is the beautifhl angle of Frcs- 
nel. AVhen the angle is less than 6°, the mar- 
. iner b not quite sure that he will see the light 
e may be beneath or above it ; and in prac- 
it is found that we can not have a larger 




THE £LECTK1C LIGHT. 

angle tlian 15°, or a less one than 6°. In or- 
der, therefore, to get more IJglit, we must have 
more comhustion, more cotton, more oil ; but 
already there are in that lamp four wicks, put 
in concentric rings one within the other, and 
we can not increase them much more, owing to 
the divergence which would be caused by an 
increase in the size of the light ; the more the 
divergence, the more the light is dlflused and 
lost. We are therefore restrained by the con- 
dition of the light and the a])paratus to a cer- 
tain sized lamp. At Teignmouth some of the 
revolving lights have ten lamps and reflectors, 
all throwiug their light forward at once. But 
even with ten lamps and reflectors we do not 
get eufScient light; and we want, therefore, a 
[flmeanB of getting a light more intense than a 

mdle in the space of a candle — not merely an 
amiation of candis upon candle, but a con- 

sntration into the space of a candle of a great- 
Jr amount of light, and it ia here that the elec- 
tric light comes to be of so much value. 

Let me now show you what are the proper- 
ties of that light which make it useful for light- 
house illumination, and which has been brought 
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1 practical cotidition bj the eaergy and cod 
stao^ of Professor Holmes. I will Gist of ^i ! 
show joa the image of the efaaroool points <: .. 
the sons, and dnw joar attention to the ^o: 
where the ^it ia piDdnoed. There are the cool 
points. The two carbons are brooght within a 
oerUun distance ; the electricitT is being crged 
acmes by the roltaicWterj", and the coal points 
are brooght into an intense state of ignition. 
Yon will obeerre that the light la essentiolly 
giveo by (he carbons ; yon see that one is much 
more luminous than the other, and that is the 
end which principally forms the spark ; the 
other does not shine eo much ; and there is a 
space between the two which, although not 
very lominons, is most important to the pro- 
duction of the light. Dr.Tyndall will help toe 
in showing you that a blast of wind will blow 
out that light ; the electric light can in fact be 
blown out easier than a candle. "We have ibi 
power of getting onr light where we please. If 
I cause the electricity to pass between carl 
and mercury, I get a most intense and bcj 
IVil light, most of it beiog given off from 
lOrtioa of the mercury Uetween the liquid 




. If 
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the solid pole. I can show ;oii ibat the ligbl 
is aometimea produced by liie Tapor between 
the two poles better if I take silver that wh«i 
I ose mercury. Efere is the carboo pole, there 
ia the silver, and there is the beautiful green 
light which comes from the intervening por- 
tions. Now that light is more easily blown out 
than the common lamp, *e slightest puff of 
wind being sufficient to extinguish it, as you 
will see if Dr. Tyndall breathes upon it 

You see, therefore, how we are able, by using 
this electric spark, to get, first of all, the light 
into a very small space. That oil lamp has a 
burner SJ inches in diameter ; compare the size 
of the flame with the space occupied by this 
electric light. Next compare the intensity of 
this light with any other ; if I take this candle 
md place it by the side, I actually seem to put 
FQt the candle. "We are thus able to get a 
ijight which, while it surpasses all others in bril- 
i'Jiancy, is at the same time not too large, for I 
might put this light into an apparatus not 
larger than a hat, and yet I could count upon 
the rays being usefiol. Moreover, when sucli 
large burners are used in a lantern, wc have twi _ 



THE ELECTRIC LIGHT, 
consider whether the bars of the window do boI 

interfere to throw a shadow or otberwisa; bat 
with this light there will be no difficulty of that 
^^orl, as a single small speculum no lai^ger thaa 
^khat will send it in any direction we please; 
^PSad it is wonderful what advantages, by reason 
of its small bulk, wc have in the consideration 
of the different kinds of apparatus required, re- 
flecting or refracting, irrespective of other rea- 
Bons for using the electric light. And it-j 
these kind of things which make us derade 
earnestly and carefully in favor of the eleotrii 
hght. 

I am going to show you the effect that will 

take place with that large lens when we throw 

the oil lamp out of action, and put the electric 

.light into use. It is astonishing to find how 

Ittle the eye can compare the relative intensi- 

bee of two lights. Look at that screen, and try 

D recollect the amount of light thrown upon it 

L the 3J inch lamp of Fresnel, and now, 

rVhen we shift the lens sideways, look at the 

glorious light arising from that small carbon 

point {fu/.68); see how beautifully it ahines in 

B focus of that lens, and throws the rays ft 







ward. At present the electric light is put at 
just the same distance aa the oil light, and 
therefore, being in the focua of the lens, we 
have parallel rays which are thrown forward 
a perfectly straight line, as you will see by c( 
paring the size of the lens with that of the light 
thrown on the screen. You will now see how 
far we can affect this beam of light by increas- 
ing or diminishing the distance of the lamp. 
"We are able, by a small adjustment, to get a 
beam of a largo or small angle, and observe 
what power I have now over it ; for if I want 
to increase the degrees of divergence, I am lim- 
ited by the power of light in the case of the oil 
lamp, but with the electric light I can make it 
spread over any width of the horizon by this 
simple adjustment. These, then, are some of 
the reasons which make it desirable to employ 
the electric light 




189 



THE ELECTBIC LIGHT. 



By means of a magnet, and of motion,! 
caii get the same kind of electricity as I have 
here fxom the batteiy ; and under the authority 
of the Trinity House, Professor Holmes- has 
been occupied in introducing the magneto-elec- 
tric light in the light-house at. the South Fore- 
land ; for the voltaic battery has been tried un- 
der every conceivable circumstance, and I take 
the liberty of saying it has hitherto proved a 
decided failure. Here, however, is an instru- 
ment wrought only by mechanical motion. The 
moment wo give motion to this soft iron in iront 
of the magnet, we get a spark. It is true, in 
this apparatus it is very small, but it is suffi- 
lent for you to j udge of its character. It ia the 
ito-eUctric light, and an instrumeut has 
lecu constructed, aa there shown {jvj. 59), 
which represents a number of magnets placed 
radially upon a wheel — three wheels of magnets 
id two Beta of helices. When the machine, 
is worked by a two-horse power engine, 
lorly sot in motion, and the different cur- 
,t« nro fttl brought together, and thrown by 
ifiMWiir Holmes up into the lantern, we have 
littht. pqual lo the one wo have been using this 
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evening. For the last six months the South 
Foreland has been Bhining by means of this 
electric light — beyond all comparison better 
than its former light. It has shone into France, 
and ha3 been seen there anti taken notice of by 
the authorities, who work with beautiful accord 
with ua in all these matter.'). Never for once 
during six months has it failed in doing its 
duty; never once — more than was expected by 
the inventor. It has shone forth with its own 
Jjeculiar charncter, and this even with the c 



«rv*imxtj:9v 52r » yet iie- naiaiiL 'f a ioff been made 
o /ji:5«T*wt iwaai ^sdecanEf^rrBcaBSQcs for it, 
}-j*i:4ri;:iv :c isi' zct Ti»t ■grnrimni^ I viH Eiot tell 
-Mu jjiit :ae pr^biieni cf emcanris^ die mag- 

:i^ {iiitu aulTed jet^ althonfflt I dessEce it should 
bv -.T^tabuMeii nxost eacnesdr ^fer I icgnd this 
riDi^riLOxu 3puk a» one of bet ctvh offipxmg). 
Thi; '.bioi$ itf not jet decidedlT aeenqilished, 
:whI irbat tbe coostdersfiboos of eA jpcnae and 
'Hiit.T matters mfljr be I caa bo4 telL I am 
*}fily bt;!^ to tell yoo^ » a pbiloBopher, how far 
tbt; r^.-suJti^ bare been carried; bot I do hope 
tbut the authoiitie& will find it a proper thing 
to carry oat in fuIL If it can not be introdooed 
at dl the light-hoQseSy if it can only be used at 
one. why realij it wiU be an honor to the na- 
tion which can originate such an improYemoit 
sb5 tbu5— one whifih most of neoeBBitj be follow- 
ed bv other natioD& 

You maj ask; What is the use of this bright 
light ? It would not be nseAd to ns were it 
not for the ocmstant changes which are taking 
place in the atmosphere, which is never pure. 
Even when we can see the stars clearly on a 
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bright night it ia not a pure atmoaphore. The 
light of a lightrliouse, more than any other, im 
hftble to bo dimmed by vapors and fogs, anfl 
where we most want this great power is not in 
the finest condition of the atmosphere, but 
when the mariner is in danger, when the sleet 
and rain are falling, and the fo^ arise, and the 
winda are blowing, and he is nearing coasts 
where the water is shallow and abounds with 
rocks: then is bis time of danger, when he 
moBt wants this light. I am going to show you 
how, by means of a little steam, I can com- 
pletely obscure this glorious sun, this electric 
light which you see. The cloud now obscuring 
the light on the screen is only such a cloud as 
you see when sitting in a train on a fine sum- 
mer's day; you may observe that the vapor, 
passing out of the funnel, casts as deep a shad- 
ow on the ground as the black funnel; the 
very sun itself is extinguished by the "*"""■ 
from the funnel, so that it can not give anjH 
light; and the sun itself, if set in the liglrifl 
house, would not be able to penetrate such tM 
vapor. -* 

Now the haze of this cloud of steam is just 
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zxtl cork, snii seal k down^ao as to p edb c tlj ex- 
siii±nxLa 
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